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(57) Abstract 

Method for treating an extruded plastic section having a hollow space and installation suitable for carrying out such a treatment The 
installation comprises an extruder which has a core for forming the hollow space in the section, and, at a distance downstream from the 
extruder in the extrusion direction of the section, a closing means having a rigid circumferential wall. During operation of the extrusion 
installation the closing means is situated with its rigid circumferential wall along the section, thus closing the hollow space of the section 
The installation further comprises first conduit means which open out near a supply orifice which is provided in the circumferential wall 
of the closing means, fluid feeder means for feeding fluid to the first conduit means, second conduit means which connect to a discharge 
orifice, the at least one discharge orifice being situated upstream of the at least one supply orifice, so that it is possible to provide, between 
the circumferential wall of the closing means and the extruded section, a film of fluid which flows opposite to the extrusion direction of 
the plastic section. The closing means may also be an expansion mandrel, for example for fabricating biaxially oriented tube sections 
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Method for treating an extruded plastic section and 
extrusion installation therefor. 

The present invention relates to a method for 
treating an extruded plastic section according to the 
preamble of claim 1, which emerges from an extrusion 
apparatus. The invention also relates to an extrusion 
5 installation according to the preamble of claim 14. 

Such a method and extrusion apparatus are known, 
for example, from NL 7612518, In the case of the instal- 
lation known from said publication the extruded tubular- 
section is cooled not only externally, which is the most 
10 common cooling method, but there is also internal cooling 
with cooling water which comes directly into contact with 
the inside of the plastic section to be cooled. As a result 
of said additional internal cooling, cool-down of the 
section can be improved and, at the same time, the length 
15 of the cooling section can be considerably shorter , 

theoretically by a factor of four, than if external cooling 
only were to be employed. 

In the case of the known installation, for the 
purpose of internal cooling with cooling water, a sealed 

2 0 compartment is bounded by the insulated end face of the 

internal mandrel of the extruder on the one hand, and a 
closing means which is situated at a distance downstream 
therefrom in the extrusion direction on the other hand. The 
closing means, in the case of the known installation, is a 
25 cylindrical metal stopper which, via a hollow anchor rod, 
is fixed to the mandrel of the extruder. The external 
diameter of the stopper is such that the plastic section, 
which is cooling down and therefore shrinking, slides with 
friction along the rigid outer wall of the stopper. In the 

3 0 process, the contact pressure between the stopper and the 

plastic section brings about the fluid seal intended for 
the purpose of sealing the compartment, this being assisted 
by a plurality of circumferential grooves in the stopper, 
which provide the effect of a labyrinth seal. Through the 
3 5 hollow anchor rod cooling water can be introduced, upstream 
of the closing means, into the sealed compartment, said 
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cooling water then flowing in a counter-current direction 
along the plastic profile to be cooled and then being 
discharged via the mandrel of the extruder. 

The method and installation disclosed by NL 7612518 
5 has not proved satisfactory in practice, particularly with 
respect to the closing means employed there. The seal 
obtained with said known closing means cannot be controlled 
in practice, as a result of which there will occur either 
undesirable leakage or precisely the problem of the plastic 
10 section lying with such force against the rigid 

circumferential wall of the stopper that as a result of the 
large frictional forces then produced damage is caused to 
the plastic section and the mounting of the stopper is 
subjected to undesirably large (tensile) loads. 
15 For the abovementioned reasons, the purpose of 

effecting internal cooling has until now been served by 
preferably employing flexible closing means, for example as 
described in DE 25 06 517. In the case of the closing means 
shown in said publication, the outer wall of the closing 
2 0 means is made of a flexible material, and the pressure with 
which the flexible outer wall lies against the section to 
be cooled can be controlled. Since extrusion installations 
are in practice operated continuously, the inevitable 
result, inter alia under the influence of the prevailing 
25 temperatures and pressures and the frictional contact with 
the extruded section, is wear of the flexible wall of the 
closing means, which necessitates regular replacement 
thereof, for which purpose the extrusion installation has 
to be shut down. 

30 The object of the present invention is to provide a 

method and an extrusion installation for fabricating an 
extruded plastic section, which permit improved sealing of 
the compartment in the hollow space of the section, as a 
result of which it is possible to subject the plastic 

35 section at will, even during the production thereof, to one 
or more internal treatments. 

This object is achieved by a method according to 
claim 1 and an extrusion installation according to claim 
14. Just as has been shown in NL 7612518, the rigid outer 
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wall of the closing means preferably has such dimensions 
that in the absence of the fluid film according to the - 
invention a frictional contact would exist at that location 
between the closing means and the plastic section. Since 
5 according to the present invention there is produced, at 
least over a portion of the outer wall of the closing 
means, a film of fluid, i.e. an incompressible or barely 
compressible medium, between the closing means and the 
section, the frictional forces are considerably reduced. 

10 The present invention further provides for the fluid in the 
film to flow in a counter-current direction, i.e. counter 
to the extrusion direction of the plastic section, over the 
surface of the outer wall of the closing means. This 
measure is based on the insight that the plastic section, 

15 which emerges from the extruder and is cooling down, will 
want to lie against the outer wall of the closing means 
with greater and greater force. By the fluid forming a film 
being fed in at the downstream end of the film, the supply 
of fluid at that location, by means of suitable feeding 

20 means, is utilized to prevent the at least one supply 
orifice from being closed by the plastic section. The 
plastic section, during normal operation of the 
installation, will lie directly, downstream of the at least 
one supply orifice, against the circumferential wall of the 

25 closing means and as a result form a fluid seal. Said lying 
against can be promoted by the plastic section being 
further cooled at the location of the closing means, this 
being effected, for example, by the closing means itself 
being cooled and/or by the fluid which forms the film being 

30 employed as a coolant. 

As a result of the low friction obtained, according 
to the present invention, between the closing means and the 
plastic section, damage to the plastic section is avoided, 
the wear of the closing means is low, and the force exerted 

35 by the closing means on its mounting is also considerably 
smaller than in the case of the installation disclosed by 
NL 7 612 518. A further advantage of the inventive thought is 
that a very smooth surface of the wall of the hollow space 
in the plastic section is obtained. 
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The method and extrusion installation according to 
the present invention are also applicable, very 
advantageously, in cases where the closing means serves as 
an expansion mandrel and has such a shape, for example with 
5 a cross-section which conically increases in the extrusion 
direction, that the plastic section moving over the closing 
means fashioned as an expansion mandrel is expanded in the 
circumferential direction. Said purposeful expansion of the 
extruded plastic section is employed, in particular, in the 
10 fabrication of biaxially oriented tubing made of 

thermoplastic material. In this situation, too, by means of 
the closing means according to the invention, a 
considerable reduction of the frictional forces between 
plastic section, on the one hand, and closing means, the 
15 expansion mandrel, on the other hand, is obtained with 
respect to installations known hitherto, having an 
expansion mandrel with a rigid outer wall. 

Further advantageous embodiments of the invention 
are described in the claims and the following description, 
20 in which the invention will be described in more detail 

with reference to illustrative embodiments, represented in 
the drawing, of the installation according to the 
invention, in which: 

Figure 1 shows, schematically, a first illustrative 
25 embodiment of the extrusion installation according to the 
invention, 

Figure 2 shows detail A in Figure 1 on a larger 

scale , 

Figure 3 shows, schematically, a second illustra- 
3 0 tive embodiment of the extrusion installation according to 
the invention, 

Figure 4 shows, schematically, a third illustrative 
embodiment of the extrusion installation according to the 
invention, and 

3 5 Figure 5 shows detail B in Figure 4 on a larger 

scale. 

The extrusion installation represented in Figure 1 
comprises an extruder 1, for extruding, in this example, a 
cylindrical tube section 2 made of thermoplastic material, 
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a sizing apparatus 3, positioned downstream, in the 
extrusion direction (arrow C) , of the extruder l, for the 
external diameter of the tube section 2, an external 
cooling apparatus 4 for cooling the extruded section 2 from 
5 the outside, , and a customary pulling device 5. 

Within the scope of the following description, the 
terms "downstream" and "upstream" indicate, respectively, 
the direction of motion of the extruded plastic section and 
the direction opposite thereto, 

10 The external cooling apparatus 4 may, as schemat- 

ically indicated in Figure 1, comprise a plurality of 
successive segments, the cooling effect being separately 
controllable in each segment. 

For the purpose of forming a hollow space 6, 

15 cylindrical in this case, in the plastic section 2, the 
extruder 1 is provided with an extruder head 7 having a 
mandrel 8 . 

For the purpose of cooling the section 2, which 
emerges from the extruder 1 at a high temperature, 

20 provision is made, in addition to external cooling by means 
of the external cooling apparatus 4, for cooling of the 
section 2 from the inside. To this end, the hollow space 6 
pf the section 2 is closed, downstream of the extruder 1, 
with the aid of a first closing means 9, here indicated 

25 schematically, which is fixed to the core 8 of the extruder 
1 via an anchor rod 10. The first closing means 9 may, for 
example, comprise a dimensionally rigid disc body which 
locally stretches the cross-section of the soft tube 
section 2 or a seal having flexible flaps of silicone 

30 rubber. 

For the purpose of internal cooling of the plastic 
section 2, a second closing means 11 is provided at a 
distance downstream from the first closing means 9. The 
second closing means 11 likewise closes the hollow space 6 
35 of the section 2 and is likewise attached to the pull rod 
10. The first and the second closing means, 9 and 11 
respectively, between one another delimit a sealed 
compartment 13 . 

The extrusion installation further comprises means 
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not shown in detail, inter alia conduit means through the 
extruder head 2, the mandrel 8 and the anchor rod 10, in 
order to effect circulation of cooling fluid, for example 
water, through the compartment 13 during operation of the 
5 extrusion installation. In the process, the cooling fluid 
supplied, preferably near the downstream end of the 
compartment 13, comes into direct contact with the wall of 
the section 2 which bounds the hollow space 6, and in the 
process flows in a counter-current direction, i.e. counter 

10 to the extrusion direction of the section 2, towards a 

discharge situated near the upstream end of the compartment 
13. As a result of such internal cooling of the extruded 
tube section 2 being provided, the length required for the 
cooling section becomes considerably smaller than if 

15 external cooling only were to be employed; the 

theoretically possible reduction can even amount to a 
factor of four, said reduction being virtually achievable 
in practice by means of the installation according to the 
invention. It is further possible, thanks to the internal 

20 cooling of the tube section 2, to obtain advantageous 
cooling of the plastic material of the section 2. 

Owing to the cooling fluid flowing through the 
compartment 13 in a counter-current direction, the effect 
is achieved of the cooling fluid gradually warming up in 

25 the direction of the extruder 1, so that the section 2 
comes into contact with warmer cooling fluid at the 
upstream end of the compartment 13 than at the downstream 
end of said compartment 13. This is advantageous because 
the section 2 itself cools down further and further in the 

30 extrusion direction as seen along the compartment 13, as a 
result of which the temperature of the cooling fluid is 
within an advantageous range with respect to the 
temperature of the tube section 2 to be cooled. 

Clearly, the closing means 9 and 11 must be capable 

3 5 of preventing the cooling fluid from leaking away from the 
compartment 13. To this end, the present invention provides 
a special design of the closing means 11, which design will 
now be illustrated in more detail with reference to the 
detailed representation in Figure 2. For that matter, the 
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first closing means 9 can likewise be constructed in the 
way described hereinafter for the second closing means 11. 

In Figure 2, the extruded plastic tube section 2 
can be seen in longitudinal section, said section 2 moving 
5 in the extrusion direction indicated by arrow c. Also to be 
seen are the anchor rod 10, constructed as a hollow metal 
tube, and the closing means 11 attached thereto. The 
closing means 11 has an outer wall 15, which is rigid and 
nondeformable under the influence of the normally occurring 
forces, for example made of metal. In this case, the outer 
wall 15 is shaped as a result of the closing means 11 being 
a solid metal cylinder. 

As can be seen in Figure 2, the outer wall 15 of 
the closing means 11 has an external diameter which is such 
15 that the plastic section 2 will want to be in frictional 
motion along said outer wall 15. It is precisely by the 
contact pressure between the section 2 and the closing 
means 11 that the intended sealing of the compartment 13 is 
obtained. The contact pressure between the two then depends 
on the external diameter of the closing means 11 and the 
internal diameter of the section 2. What is desirable in 
order to obtain the intended fluid seal is therefore, in 
each case, a firm fit of the section 2 against the outer 
wall 15 on an annular circumferential area of the outer 
25 wall 15 of the closing means 11. 

According to the present invention, the closing 
means 11 is provided with at least one supply orifice 16 
which is situated in the outer wall 15, situated along the 
section 2, of the closing means 11. in this case, a 
30 plurality of supply orifices 16 are provided, distributed 
regularly around the outer wall, at a distance from the 
downstream end of the closing means li. The supply orifices 
16 are situated in an annular groove, slightly recessed, 
around the outer wall 15 of the closing means 11 and 
35 communicate with a supply line 17. Said supply line 17 runs 
from the closing means 11 through the anchor rod 10, the 
mandrel 8 of the extruder 1 (see Figure l) to fluid feeder 
means (not shown) . At a distance upstream of the supply 
orifices 16 the closing means 11 is provided with at least 
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one discharge orifice 18, in this case an annular groove 18 
which extends around the circumference of the outer wall 
15. The annular groove 18 communicates with a discharge 
. line 20 via one or more cylindrical holes 19 in the closing 
5 means 11. The discharge line 20 runs from the closing means 
11, through the anchor rod 10, the mandrel 8 of the 
extruder 1, back to the fluid feeder means (not shown). 



pumping apparatus in order to effect the feeding of fluid 
10 to the supply orifices 16 in the outer wall 15 of the 

closing means 11. The fluid fed in then arrives between the 
closing means 11 and the tube section 2 and thence flows in 
an upstream direction (arrow D) to the groove 18. The 
infeed of fluid is controlled in such a way that the fluid 
15 in the area approximately between the supply orifices 16 
and the groove 18 forms a film 21 of fluid, said film 21 
keeping the section 2 at a very small distance, strongly 
exaggerated in Figure 2, from the outer wall 15 of the 
closing means 11. The fluid film 21 is separated from the 

2 0 compartment 13 as a result of the fact that the section 2, 

in the area between the groove 18 and the upstream end of 
the closing means 11, will lie against the closing means 
11. In the area between the supply orifices 16 and the 
downstream end of the closing means 11 the section 2 will 
25 likewise lie against the outer wall 15 of the closing means 
11. Because of the steadily progressing cool-down of the 
section 2 in the extrusion direction, the decrease of the 
influence of any pressure in the compartment 13, and 
preferably assisted by a further gradual cool-down of the 

3 0 section 2 at the location of the closing means 11, the 

section 2 will have a greater tendency to press itself 
against the outer wall downstream of the supply orifices 16 
than upstream thereof. Indeed, this is the reason why the 
fluid film 21 depicted is established and is maintained as 
35 long as the fluid forming a film is fed in. If required, 

the first formation of the fluid film 21 may be promoted by 
fashioning recessed portions in the outer wall 15 of the 
closing means 11, which extend between the supply orifices 
16 and the discharge groove 18. 



Incorporated in the fluid feeder means there is a 
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For the purpose of further cool-down of the section 
2 at the position of the closing means 11 it is possible to 
employ the fluid fed in via supply line 17, if a 
sufficiently low temperature of the fluid is chosen, 
5 Of great importance for the reliability of the 

fluid seal, obtained with the aid of the closing means 11, 
of the compartment 13 and for the quality of the plastic 
tube section ultimately obtained is the stability of the 
fluid film 21. To this end, the invention provides for the 
10 fluid feeder means, which feed the fluid to the supply 
orifices 16, to be designed for said fluid to be fed in 
with a pressure-independent flow rate. This is because the 
plastic section 2 has the tendency to come to lie against 
the outer wall 15 of the closing means 11 and consequently 
15 to close the supply orifices 16 entirely or in part and 

thus to form a continuously varying flow resistance for the 
fluid. As a result of use being made of fluid feeding means 
which are able to feed the fluid forming a film to the 
supply orifices 16 with an adjustable but especially a 
20 pressure- independent flow rate, instability of the fluid 
film 21 is largely avoided. It was found that, once a 
suitable flow rate has been determined and thus been set 
for a particular type of plastic section, no further 
control is necessary during operation of the extrusion 
25 installation to maintain a stable fluid film. 

Figure 3 represents essentially the same extrusion 
installation as has been explained with reference to Figure 
1, for which reason the same components have been indicated 
by the same reference numerals. An important difference, 
30 however, is that two sealed compartments 3 0 and 31, 

separated from one another, have been formed in the hollow 
space 6 of the plastic section 2. To this end, 
approximately halfway between the first closing means 9 and 
the second closing means 11 a third closing means 3 2 has 
35 been fitted on the anchor rod 10. The third closing means 
32 is substantially identical to the second closing means 
11 described with reference to Figure 2. 

For the purpose of feeding in and discharging the 
fluid which, at the position of the third closing means 32, 
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forms a film between the third closing means 32 and the 
section 2, separate means are provided as for the second, 
closing means 11. Likewise, separate means are provided for 
each of the compartments 3 0 and 31 , for the purpose of 
5 adjusting and maintaining a circulation of a section 

treatment medium through the compartment in question. This 
embodiment makes it possible to subject the inside of the 
section 2 to two successive treatments. Thus it is possible 
to cause cooling fluid to circulate in each compartment 3 0 

10 and 31, preferably in a counter-current direction, the 

cooling fluid supplied to the compartment 30 being warmer 
than the cooling fluid which is supplied to the compartment 
31 situated downstream thereof. 

The combination of external cooling and internal 

15 cooling of the section 2 requires accurate control of the 
cooling effect in order to prevent the formation, between 
an outer layer and an inner layer of the section 2 which 
have already been cooled down too far, of an intermediate 
layer which, in terms of its volume, has to shrink yet 

2 0 further. At that moment shrinkage cavities are formed in 

said intermediate layer, which may lead to inferior quality 
of the entire plastic section 2. 

With the aid of the installation according to 
Figure 3 it is possible to effect gradual cooling of the 
25 section 2 on the inside. 

A problem which may occur with the proposed method 
of internal cooling involving a sealed compartment which 
contains cooling fluid is that colder fluid will be 
situated in the lower part of the compartment than in the 

3 0 upper part of the compartment. As a result, uneven cool- 

down of the plastic section to be cooled might be obtained. 
This disadvantageous effect can be counteracted by 
positioning helix-forming means in the compartment, 
preferably attached to the anchor rod, which will cause the 
35 cooling fluid to circulate helically through the compart- 
ment along the section to be cooled. Another possibility is 
for a sleeve made of a material with good thermal 
conductivity to be placed in the compartment, for example 
an aluminium sleeve, any temperature difference of the 
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cooling fluid in the compartment being smoothed as a 
result. 

A further application makes provision for the 
section wall which bounds the hollow space to be treated 
5 chemically in one or more sealed compartments formed by 
closing means, for example by, in the case of the instal- 
lation according to Figure 3, causing a suitable chemical 
fluid to circulate in one of the two or both compartments 
30 and 31. By, for example, bringing a fluid of a suitably 
10 chosen degree of acidity into contact with the extruded 
section 2 it is advantageously possible to effect, even 
during the production of the section 2, an emission of 
metal from the plastic material of the section 2. This is 
advantageous since said metal emission otherwise takes 
15 place during an initial period of use of the tube section 2 
as a (drinking) water pipe. 

For tube sections which are employed as a water 
pipe it is also possible, advantageously, to feed highly 
pure water to one or both compartments 3 0 or 31. What is 
2 0 achieved by means of the highly pure water is that the 

undesirable taste usually given off with certain plastic 
materials such as PE during an initial period of use as a 
water pipe is greatly reduced or even avoided. 

It is also possible for the fluid which is brought 
25 into contact with the extruded section in one or more 
sealed compartments to be used for cross-linking the 
plastic material of the section, which may be desirable to 
enhance the temperature stability of the extruded section. 
It will be evident that instead of two compart- 
30 merits, as depicted in Figure 3, it is also possible to form 
yet more sealed compartments in the hollow space of the 
section by positioning yet more closing means in series 
with one another. In this context it is very advantageous 
for the compartments to be produced by means of closing 
35 means which bring about a fluid film, which flows counter 
to the extrusion direction, between them and the plastic 
section, for example as described with reference to Figure 
2. The reduction, achieved by this measure, in the 
fractional forces between each closing means and the 
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extruded section moving past makes it possible for a 
plurality of such closing means to be positioned in series 
with one another without the anchorage of the closing means 
being subjected to excessive loads and without damage to or 
5 undesirable influences on the plastic section by the 

friction occurring. The loading on the anchorage of the 
closing means are fitted is important, in particular, if 
the anchor rod on which the closing means are fitted (such 
as anchor rod 10 in Figure 3) is fixed to the mandrel of 
10 the extruder, since the attachment of the mandrel to the 
extruder head is preferably carried out by means of thin 
spokes which disturb the flow of the molten plastic 
material as little as possible. 

Instead of supplying a fluid to one or more 
15 compartments for the purpose of treating the plastic 
section it is of course also possible for a gas to be 
brought into contact, at the location of one or more 
compartments, with the plastic section. 

Figure 4 shows another application of the inventive 
20 thought, a tube section of thermoplastic material (such as 
PVC or PE) with a smooth cylindrical wall being fabricated. 
It will be evident that the inventive thought and solutions 
can also be used for the fabrication of sections having a 
different cross-section, if necessary by adjusting the 
25 design of the components described hereinafter. 

Figure 4 shows an extruder 41 which is used to 
fabricate, in a continuous process, a hollow tube 42 made 
of a thermoplastic material. When leaving the extruder 41, 
the tube 42 has a round annular initial cross-section. 
30 The tube 4 2 leaving the extruder 41 moves through 

an external sizing sleeve 4 3 and then passes through a 
cooling means 44, in this case a water cooling means. 

The tube 4 2 is oriented biaxially by forcing the 
tube 42, at a suitable temperature of the plastic material 
35 of the tube 42, over a mandrel 50 which is kept in place by 
a pulling member 51 which runs through the hollow tube 42 
and is linked to the extruder 41. 

In practice, the orientation temperature is the 
temperature at which the plastic material becomes 
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dimensionally stable when it cools down. For PVC the 
orientation temperature is in a range just above the glass 
transition temperature of PVC. PE and other polyolefins do 
not have a transition temperature, but an "alpha phase", 
5 which indicates the transition from a crystalline via a 
partially crystalline to an amorphous structure. The 
orientation temperature of such a plastic material is just 
above the temperature range associated with the "alpha 
phase" . 

10 The mandrel 50 will be explained hereinafter in 

more detail with reference to Figure 5. 

For the purpose of controlling the speed at which 
the tube 4 2 moves towards the mandrel 50 a tube speed 
control device 46 is present at a distance upstream of the 

15 upstream end of the mandrel 50, seen in the direction of 
motion of the tube 42, said device 46 here engaging the 
outside of the tube 42. 

Downstream of the mandrel 50, a pulling device 4 7 
is present for the purpose of exerting an axial tensile 

20 force on the tube 42. Said pulling device 47 may be of a 
type generally known from the prior art. 

In the case of the installation described with 
reference to Figure 4 / the outside of the tube 42 is 
cooled, upstream of the device 46, by the cooling means 44, 

25 in such a way that the plastic material, in a layer 

adjoining the outside of the tube 42, is brought to a 
temperature which is distinctly lower than the orientation 
temperature of the plastic material. This ensures that the 
wall of the tube 4 2 acquires a cold and consequently 

30 relatively firm and hard outer layer of a suitable 

thickness, so that said outer layer can withstand the 
mechanical influences exerted by the device 4 6 engaging on 
the tube 42. 

For a plastic material such as PVC whose glass 

35 transition temperature is in the range of from approxi- 
mately 80°C to 85°C it has been found that cool-down on the 
outside of the tube 42 to approximately 70°C is sufficient 
to achieve a sufficiently thick and strong outer layer. The 
temperature of the outer layer thus defined is then, in the 
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case of PVC, between 80°C on the inside and 70°C on the 
outside of the outer layer. 

Because of the gap between the device 4 6 and the 
mandrel 50, a period of time is available for effecting 
5 warm-up of the outer layer to the desired orientation 

temperature. During the time when the tube 4 2 moves from 
the device 4 6 to the mandrel 50, the material which is 
enclosed by the outer layer and which is at a higher 
temperature than the outer layer gradually gives off some 
10 of its heat to the colder outer layer. As a result, the 

outer layer gradually becomes thinner if the outside of the 
tube 42 is no longer cooled from outside. Ultimately, said 
warming up may lead to the disappearance of the outer 
layer. 

15 The temperature of the innermost portion of the 

tube wall is preferably controlled in such a way, for 
example by internal cooling/heating of the tube 42, that at 
the instant when the tube 4 2 leaves the device 4 6 the 
temperature of that portion is above the orientation 

20 temperature. If the heat of said innermost portion of the 
tube is gradually given off to the outer layer, the 
innermost portion cools down towards the orientation 
temperature. This transfer of heat from the inside to the 
outside means that the tube, including the outer layer, is 

25 at the orientation temperature desired for biaxial 
orientation. 

On the basis of the abovementioned automatic 
warming up of the outer layer of the tube 4 2 it is not 
always possible to guarantee that a uniform orientation 

30 temperature will be achieved. Preference is therefore given 
to the provision of a heating means 48. Said means 48 is 
designed to influence the temperature of the tube 4 2 sector 
by sector in the circumferential direction, for example by 
the heating means comprising a plurality of infrared 

35 heating units which near the mandrel 50 are positioned at 
regular intervals around the trajectory along which the 
tube 42 moves through the installation. 

In Figure 5 it can be seen that the mandrel 50 is 
attached, with the anchor member 51, to the extruder (not 
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shown here). The mandrel 50 essentially consists of two 
sections; a heated section 52 which comprises an 
essentially cylindrical take-up portion 50a and a conical 
expansion section 50b, and a cooled section 53 which 
5 comprises an essentially cylindrical take-off portion 50c. 

An annular disc 54 made of thermally insulating 
material such as a plastic is positioned between the heated 
section 52 and the cooled section 53 of the mandrel 50. 
A warm fluid, for example warm water, is fed 
10 through a conduit 55 in the anchor member 51 to one or more 
ducts 56 which are provided in the essentially solid metal 
mandrel section 52. Each duct 56 ends in a recessed 
circumferential groove 57 which is disposed in the outer- 
most conical surface of the mandrel section 52. The fluid 
15 fed in through the line 55 forms a layer between the tube 
42 and the heated mandrel section 52 of the mandrel 50 and, 
from said groove 57, will flow counter to the direction of' 
movement of the tube 42. The warm fluid then reaches an 
annular chamber 58 which is defined by a sealing means 59, 
20 the tube 42 and the mandrel section 52. The fluid leaves 
the space 58 via a subsequent line 60 which is provided in 
the pulling member 51. The warm fluid will not flow in the 
same direction as the moving tube 42, since an effective 
fluid seal is provided by the contact pressure between the 
25 tube 42 and the mandrel 50 downstream of the groove 57 in 
the area of the transition from the conical section 52 to 
the take-off portion 53 of the mandrel 50. 

In the case of the biaxial orientation of a tube 
made of PVC the preferred temperature of the warm fluid fed 
30 in is approximately 95-C, the pressure preferably being no 
greater than is necessary to form and to maintain the fluid 
layer between the tube 4 2 and the heated section 52. 

A cold fluid, for example cold water, is fed 
through a line 61 in the anchor member 51 to one or more 
35 ducts 62 which are provided in the essentially solid metal 
mandrel section 53. Each duct 62 opens into a recessed 
circumferential groove 63 which is disposed in the outer 
surface of section 53. From said groove 63 the fluid will 
flow, counter to the direction of motion of the tube 42, to 
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a second circumferential groove 64 which is disposed in the 
outer surface of the mandrel section 53 and thence flows, 
via one or more ducts 65 to a chamber 66 downstream of the 
mandrel 50. This provides a layer of fluid between the 
5 cooled section 53 of the mandrel 50 and the tube 42. The 

chamber 66 is defined by a sealing means 67, the portion of 
the pulling member 51 which extends downstream of the 
mandrel 50, and the mandrel section 53. The fluid which 
flows into the chamber 66 will leave said chamber 66 via a 

10 line 69 which is provided in pulling member 51. 

The groove 6 3 is at such a distance from the 
downstream end of the mandrel section 53 that an effective 
fluid seal is achieved by the contact pressure between the 
tube 42 and the mandrel section 53. Said pressure is mainly 

15 the result of the tendency of the tube 4 2 to shrink when 
the tube is cooled. 

The stream of the cold fluid between the take-off 
section 53 of the mandrel 50 and the tube 42 directly cools 
the tube 42 from the inside, after the radial expansion of 

20 the tube 42 has been effected. In the case of the biaxial 
orientation of PVC the temperature of the cold fluid is f 
for example, approximately 2 0°C when this is fed to the 
line 61. 

It should be noted that the thickness of the fluid 
25 layers between the tube 4 2 and the sections 5 2 and 5 3 of 
the mandrel 50 is exaggerated in Figure 5. 

It is evident from the above that the tube 4 2 is in 
contact with the mandrel 50 solely in the region between 
the groove 57 on the conical section and the groove 64 on 
30 the take-off section 53 and in the region between the 

groove 63 and the downstream end of the take-off section 
53. The total region of contact is consequently 
considerably smaller than \ the case of a customary 
expansion mandrel, and the friction between the mandrel 50 
3 5 and the tube 4 2 is greatly reduced with respect to an 
installation comprising a customary mandrel. 

As a result of said reduced friction, the phen- 
omenon can be observed that the tensile force exerted on 
the tube by the pulling device 47 (Figure 4) is not 
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completely dissipated by the expansion of the tube 42 and 
the frictional forces which arise at the mandrel 50, but 
that a residual tensile force on the tube 42 remains up- 
stream of the mandrel 50. This would result in the tube 42 
5 being pulled from the extruder 41 with a greater speed than 
intended, and ultimately the tube 42 might rupture. To 
eliminate this undesirable effect, the tube speed control 
device 4 6 positioned between the extruder 41 and the 
mandrel 50 is adjusted so as to exert a braking force on 
the tube 42, that is to say an axial force away from the 
mandrel 50. Without the device 46 braking the tube 42, it 
can be observed that, if a mandrel 50 of the described type 
is used, the tube 4 2 is not stretched in the axial 
direction thereof, or at least not sufficiently. A balance 
15 therefore has to be effected between the tensile force 
exerted, downstream of the mandrel 50, on the tube 4 2 by 
the pulling device 47 and the axial force exerted upstream 
of the mandrel 50, by the tube speed control device 46. 
This balance is achieved by controlling the speed of both 
20 devices 46 and 47. 

According to the present invention, the fluid 
forming a film is fed in between the tube 4 2 and the 
mandrel 50 by ducts which are formed in the mandrel and 
open out into the outer surface of the expansion mandrel 
25 50, in particular on the expansion section and the take-off 
section thereof. This permits a considerably greater angle 
of the expansion section than with the method and device 
described in DE 23 57 210. The inventive thought for 
forming a fluid film between the mandrel and the tube can 
30 also be applied without the formation of the cold outer 
layer on the extruded tube. 

In order to obtain a stable thickness of the fluid 
layer between the mandrel section 53 and the tube 42, 
preference is given to the use of a volumetric pump, i.e. a 
3 5 pump having a constant delivery which is independent of the 
fluid pressure, to circulate the fluid. A pump of this type 
is preferably employed to circulate the warm fluid which 
forms the fluid layer between the tube 42 and the mandrel 
section 52. 
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With the aid of a version , not shown in the 
drawing f of an expansion mandrel according to the inven-- 
tion, the way the tube lies against the mandrel, and 
consequently the frictional force occurring, can be made 
5 controllable. A mandrel suitable for this purpose may, as 
seen in the direction of movement of the tube along the 
mandrel, be provided, at a plurality of locations along the 
mandrel, with one or more supply orifices and/or one or 
more discharge orifices for the fluid which, flowing in a 

10 counter-current direction, forms a layer between the 

mandrel and the tube. By providing associated operable 
valve means for each supply and discharge orifice for the 
fluid it is therefore possible to adjust the location of 
the mandrel at which a layer of fluid between the mandrel 

15 and the tube is formed. 

The above-described version of the mandrel is, in 
particular, also advantageous for start-up of the 
installation. In the course of start-up it is then possible 
first to extrude the tube and to pass it through the 

20 external cooling means 44 which is put into operation at 
that instant. Then the tube 42 is passed through the tube 
speed control device 46. The problem now occurs that the 
tube 42 must be placed over the expansion mandrel* In order 
to effect, initially, stable tube extrusion, the tube 42 

25 is, in the first instance, cut open in a longitudinal 

direction behind the device 46, so that the tube need not 
yet be placed around the mandrel. As soon as the 
longitudinal cut is no longer applied, the tube will reach 
the mandrel with a tube wall which is closed in a 

3 0 circumferential direction. At that instant it is not yet 

possible, by means of the expansion mandrel 50 represented 
in Figure 5, to produce a fluid layer between the tube and 
the mandrel 50. Nor can use be made of the pulling device 
47 in order to force the tube 4 2 over the mandrel 50. 

35 Therefore, the tube speed control device 4 6 is now adjusted 
in such a way that it pushes the tube 4 2 in the direction 
of the mandrel 50 and therefore thrusts the tube over the 
mandrel 50. 

If, instead of the mandrel 50, use is made of the 
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above-described version of the expansion mandrel it is 
always possible for a layer of fluid to be formed at the 
point where the tube is already lying around the mandrel, 
as a result of which the friction between the tube and the 
5 mandrel is eliminated or reduced. This therefore means that 
during the process of the tube being forced over the 
mandrel when the installation is started up, the supply of 
the fluid forming a film or layer at all times takes place 
at a point of the mandrel which lies further downstream. 
10 As can b ^ seen in Figure 5, the tube 4 2 is also 

cooled externally, after the orientation in the circum- 
ferential direction by the expansion mandrel 50 has been 
effected. A cooling means 70 is provided to achieve said 
external cooling. 

A plate 75 comprising a sizing orifice through 
which the tube 4 2 passes is set up downstream of the 
mandrel 50. The plate 7 5 is movable with respect to the 
mandrel 50, as indicated by arrow E in Figure 5. Downstream 
of the plate 75 a measuring device 80 is set up, which 
device 80 can establish the wall thickness and the shape of 
the cross-section of the tube 42 passing through the device 
80. 

The signal which represents the measurements from 
the device 80 is fed to a control device 81 which compares 

25 said signal with the desired tube dimensions. Based on this 
comparison the position of the plate 75 with respect to the 
mandrel- can be controlled. The same comparison is also used 
to control the operation of the heating means 48. 

It will be evident that use of the inventive 

30 thought can also be made for the sealing means 59 and 67, 
for example by employing a closing means of the type as 
described with reference to Figure 2. Likewise it is 
possible for the ducts 65 not to be connected to the space 
66 , but to be passed to the outside via a separate conduit 

35 through the anchor member 51. 
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CLAIMS 

1* Method for treating an extruded plastic section 

which emerges from an extrusion apparatus and comprises at 
least one hollow space, a hollow space of the plastic 
section at a distance from the extrusion apparatus being 
5 closed by a closing means having a dimensionally rigid 

outer wall, said closing means being kept stationary with 
respect to the extrusion apparatus, characterized in that a 
fluid is forced between the dimensionally rigid outer wall 
of the closing means and the extruded plastic section and 

10 in that said fluid is passed in countercurrent, i.e. 

counter to the extrusion direction of the plastic section, 
between the closing means and the plastic section. 
2. Method according to claim 1, wherein the fluid is 

forced between the closing means and the plastic section 

15 with a pressure-independent flow rate. 

3- Method according to claim 1 or 2 r wherein the fluid 

forced between the closing means and the plastic section is 
utilized for treating the plastic section. 

4. Method according to one or more of the preceding 

20 claims, wherein at least one sealed compartment is formed 
in the hollow space of the plastic section by means of a 
plurality of closing means, and wherein a section treatment 
medium is fed to the at least one sealed compartment for 
treating the plastic section. 

25 5. Method according to one or more of the preceding 

claims, wherein in the case of at least one closing means a 
fluid is forced between the dimensionally rigid outer wall 
of the closing means and the extruded plastic section and 
said fluid is passed in counter-current, i.e. counter to 

30 the extrusion direction of the plastic section, between the 
closing means and the plastic section, said closing means 
forming the partition between two sealed compartments in 
the hollow space of the section, and each of the 
compartments being fed with a separate stream of section 

35 treatment medium, in particular cooling water. 

6- Method according to claim 4 or 5, wherein the 

section, while the first sealed compartment, situated 
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downstream of the extrusion apparatus, in the hollow space 
of the plastic section is passing, is treated on the 
outside, 

7. Method according to claim 6, wherein the treatment 
5 of the plastic section on the outside comprises the 

external sizing and cooling of the plastic section. 

8. Method according to one or more of claims 4^-7, 
wherein the plastic section, as it is passing a first 
sealed compartment situated downstream of the extrusion 

10 apparatus in the hollow space of the plastic section, is 
treated with a fluid at an elevated temperature. 

9. Method according to claim 8, wherein the elevated 
temperature of the section treatment fluid is around the 
solidification temperature of the plastic of the extruded 

15 section. 

10. Method according to one or more of the preceding 
claims, wherein the extruded plastic section, at a distance 
downstream of a closing means, passes through a sizing 
means which reduces the cross-section of the plastic 

20 section. 

11. Method according to claim 4 or 5 , wherein the 
temperature of the fluid forced between the closing means 
and the plastic section is lower than the temperature of 
the section treatment medium fed to the sealed compartment 

2 5 present upstream of the closing means. 

12. Method according to claim 5, wherein the tempera- 
ture of the section treatment medium fed to the compartment 
present upstream of the closing means is higher than the 
temperature of the section treatment medium fed to the 

30 compartment present downstream of the closing means. 

13. Installation for extruding a plastic section having 
a hollow space, which comprises an extruder which has a 
core for forming the hollow space in the section, and, at a 
distance downstream from the extruder in the extrusion 

35 direction, a closing means having a rigid circumferential 
wall, which closing means, during operation of the ex- 
trusion installation, is situated with its rigid circum- 
ferential wall along the section, thus closing the hollow 
space of the section, characterized in that the 
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installation further comprises: 

first conduit means which open out near at least 
one supply orifice which is provided in the circumferential 
wall of the closing means, 

5 - fluid feeder means for feeding fluid to the first 

conduit means, 

second conduit means which connect to at least one 
discharge orifice, the at least one discharge orifice being 
situated upstream, in the extrusion direction, of the at 
least one supply orifice, so that it is possible to 
provide, between the circumferential wall of the closing 
means and the extruded plastic section, a film of fluid 
which flows opposite to the extrusion direction of the 
plastic section, 
15 14. Installation according to claim 13, wherein the at 

least one discharge orifice for the fluid which is fed in 
via the at least one supply orifice and which forms a film 
is provided in the circumferential wall of the closing 
means . 

20 15 • Installation according to one or more of the 

preceding claims 13-14, wherein the fluid feeder means are 
designed for feeding the fluid to the at least one supply 
orifice with a pressure- independent flow rate. 

16. Installation according to claim 15, wherein the 
25 fluid feeder means are designed for adjusting the desired 

flow rate. 

17. Installation according to one or more of the 
preceding claims 13-16, wherein the closing means is pro- 
vided with a plurality of supply orifices which are 

30 situated, with a regular distribution in the circumferen- 
tial direction of the closing means, around the closing 
means . 

18. Installation according to one or more of the 
preceding claims 13-17, wherein the at least one discharge 

3 5 orifice is a groove which extends in a circumferential 
direction around the closing means. 

19. Installation according to one or more of the 
preceding claims 13-18, wherein the installation comprises 
at least three closing means, situated one after the other 
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26. Installation according to claim 24 or 25, wherein 
the expansion mandrel comprises a first portion having a 
transverse cross-section which increases in the extrusion 
direction, and a second portion connected thereto upstream 

5 in the extrusion direction and having an essentially 

uniform transverse cross-section, the at least one supply 
orifice for the fluid being provided in the first portion 
of the expansion mandrel and the at least one discharge 
orifice being situated upstream, in the extrusion 
10 direction, of the first portion. 

27. Closing means according to one or more of the 
preceding claims. 
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